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1 e 0 INTRODUCTION 
This final engineering report covers the work at Motorola, 
Inc, , Government Electronics Division, in the development and 
fabrication of the Function Generator, The program was to pro- 
duce LO prototype cirauits, 
This report documents the major efforts epent during the 
program and the performance of t&e delivered circuits, 
2.0 CIRCUIT FABRICATION 
2.1 CIRCUIT DESIGN 
The circuit design selected to perform this generator 
function is best described as an analog servoo This design was 
a closed loop servo response to approximate the desired func- 
tion, Figure 2.0 is the schematic diagram of the final circuit. 
Figure 2,1 5s a pictorial layout of the parts inside the 
package at a 10 to 1 scale. 
Figure 2,2 is a drawing of the package used f o r  these 
Function Generators, 
2,2 FABRICATION 
The general approach to the fabrication of these circuits 
was to make up a kit of parts for each circuit, These kits were 
made up by first selecting and measuring C2, C4$ C8 and ClO for 
r 
each circuit, A calculation was then made to determine the 
exact values of R2, R8, Rl4 and R18. R1 was set a 1 Meg ohm 
and R13 at 91K ohm, 
The operational amplifiers, ARlp 2, 3 and 4 were purchased 
as packaged units and the exact values of R59 R9, R15 and R20 
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were determined in a test fixture by using the previously 
calculated values of resistance for the other components. The 
remaining components do not enter into the output function 
determination and were, therefore, measured to meet nominal 
tolerance specifications only. 
2,3 CERAMIC CAPACITORS 
A discussion of the effects of temperature on ceramic 
capacitors is contained in Appendix I, This is an excerpt from 
an application note which was published by Electro Materials 
Corporation, 
This type of capacitor was used for C2, C4, C8 and C10, 
The capacitors which were assembled in the Function 
Generators had an aging characteristic which was slightly higher 
than the manufacturer had predicted, 
output waveform exhibits a shift relating to the capacitor 
aging, This shift is primarily in timing and not an amplitude . .  
change, 
approximately 0.5% in amplitude as the circuit ages from 1000 to 
The Function Generator 
The positive and negative peaks will each change 
10,000 hours. A zero crossing shift of approximately 1,5 
milliseconds can be expected during this same time period, These 
numbers have been predicted by using the best aging data avail- 
able on the capacitors and computing the time response from the 
transfer function, Preliminary aging data shows that these are 
valid numberso This aging characteristic is logarithmic with 
time, Therefore, these same changes can be expected to take 
place between 100 and 1000 hours and between 10,000 and 100,000 
hours, This aging cycle is started over each time the unit is 
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heated to greater than +11SoC. It is therefore recommended 
that the maximum temperature be limited to +8OoC, 
3,O CIRCUIT PERFORMANCE 
3 . 1  TEST DATA SHEETS 
Each unit was tested according to the Acceptance Test 
Procedure (Motorola Document No. 12-22458F01) and the data 
recorded. This procedure is attached as Appendix 11, The data 
sheets for these units are included here for reference. 
3.2 CORRELATION WITH COMPUTER DATA 
A program was written which used our SDS engineering com- 
puter to plot the output time function from the actual resistor 
and capacitor values in the circuite 
The results of this program were very useful in enabling 
us to predict the effects of changes in the various component 
parameters, This program was not 100% effective, however, 
probably because the ceramic capacitor and stray substrate 
leakage currents were not taken into account. F o r  this reason, 
we were not able to predict the effect of component changes 
accurately enough taaallow us to "trim in" the output function, 
3 , 3  PACKAGE SEALING 
It was planned to seal the covers on these units with soft 
Several units were sealed by this method but a problem solder. 
developed in doing this and a l l  but one o€ the units had to be 
opened, 
which we have had experience, 
be hermetic to an equivalent leak rate of lo" atmosphere cc/sec 
of Helium. 
The remaining units were sealed with an epoxy with 
All of the units were tested to 
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4.0 CONCLUSIONS 
This program has demonstrated that the multichip hybrid 
type of construction is well suited to this circuit, By using 
the circuit fabrication techniques as outlined here, there were 
no major problems in producing these cirouits. Circuits fabri- 
cated by this construction technique have been demonstrated to 
be machanically rugged and electrically stable, 
The largest single objection to circuit performance is the 
aging type of variation in the output function, This aging is 
predictable and decreases with time to a negligable amount, 
The ceramic capacitors used in the timing circuits are the 
Firnary contributor to this variation, As a result of these 
changes the circuits must be aged at least 1000 hours after their 
last exposure to temperatures greater than 115OC to meet the 
stability requirementso 
5,O RECOMMENDATIONS 
The effects of capacity aging should be reduced in these 
circuits, This can be accomplished by increasing the resistor 
values and decreasing the capacity values in the RC timing net- 
works * 
This action, combined with selecting a more stable capacitor, 
should yield circuits with adequate performance stability. 
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: Temperature E f f e c t s  
Barium t i t a n a t e  ceramics  a r e  c r y s t a l  i n e  i n  s t r u c t u r e ,  As t h e  
temperature  of a h i g h  K barium t i t a n a t e  cagaej-tor e ement is changed 
over  t h e  range of -55% t o  +150oC, t h e  measured capac i t ance  va 
1 change cons ide rab ly .  F igu res  2 and 3 show t h e  t y p i c a l  curve  of 
percent capac i t ance  change (% C)  v s  temperature  fo r  K12003 dielec- 
t r i c s .  T h i s  capac i t ance  change is due t o  changes i n  t h e  c r y s t a l l i n e  
s t r u c t u r e  of t h e  mater ia l ,  ~t approximately 115% t o  125% ( a t  a 
p o i n t  know as a "Curie po-knt") t h e  c r y s t a l l i n e  s t r u c t u r e  changes 
from tetragonal Lo cubic and t h e  d i e  ectric c o n s t a n t  drops s h a r p  
r e s u l t i n g  i n  a s h a r p  decrease  i n  c a p a c i t a n c e ,  (The capac i t ance  change 
a t  a n y  tempera ture  is always r e f e r e n c e d  t o  t h e  va lue  measured a t  25oC 
- 
e making a s i n g l e  run from t h e  l s w  end to  t h e  h igh  end of t h e  
o p e r a t i n g  tempera ture  r ange ,  u n l e s s  otherwise s p e c i f i e d . )  
t h e  h igher  t h e  "KvV of t h e  ceramic, t h e  more pronounced t h e  capac i t ance  
change w i l l  be over  a g iven  t e m  e r a t u r e  range ~ 
Once t h e  Cur i e  temperature  of  a h i g h  K ceramic capacitor has been 
reached o r  exceeded, i t  w i l l  I_ not e x a c t l y  r e t r a c e  t h e  capac i t ance  vs 
e r a t u r e  curve  i t  f o l  owed on its i n i t i a l  r u n .  T h i s  phenomenon 
is referred t o  as an "aging characteristic' '  and is due t o  t h e  f a c t  
t h a t  t h e  c r y s t a l  i n e  s t r u c t u r e  of t h e  ceramic dielectr ic  r e q u i r e s  
a f i n i t e  t i m e  t o  reestabl ish its s tab  t a t e  a f t e r  having been 
changed due t h e a t i n g  ~ T h i s  a l w a y s  r e s u l t  i n  a n  
i n c r e a s e  i n  t h e  c a p a c i t a n c e  va a su red  a t  a g iven  t e m  
immediately a f t e r  h e a t i n g  a ove t h e  Cur i e  p o i n t  of the  material .  
(This refers t o  t h e  effect  of temperature  a lone  and does not  take 
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i n t o  account t h e  v o l t a g e  effects of combined vol tage- tempera ture  
effects  d i scussed  i n  succeeding sections of these n o t e s . )  The 
" s t a b i l i z e d "  va lue  of capac i t ance  fo r  h i g h  K dielectrics has a r b i -  
t r a r i l y  been establ ished as t h e  ba lue  of capac i t ance  measured 1000 
hours  a f te r  t h e  material  has l a s t  been heated above its Cur i e  p 
K12003 dielectric 'rages'P a t  an  average ra te  of -1.75% capac i t ance  
change per decade of t i m e .  T h a t  is, between 0 . 1  hour and 1 . 0  hour 
a f t e r  being heated above t h e  Cur ie  p o i n t ,  t h e  measured capac i t ance  
1 decrease by 1.75%. Between 1 . 0  hour and 10 hours ,  it w i l l  drop 
ano the r  1.75% and from PO hours  to 18 hours another  1.75%, e t c .  
T h i s  is an  average f i g u r e  and t h e  a c t u a l  ag ing  will vary  f r o m  l o t  
.P;D Pot-of  materials.  Aging may range  from less than  1% p e r  decade 
t o  2 * 0 %  p e r  decade. T h i s  effect  is taken  i n t o  account when capac i -  
tors or c h i p s  are graded for  capac i t ance  va lue .  L i m i t s  are set so 
t h a t  t h e  p a r t s  w i l  be i n  t o l e r a n c e  when r e c e i v e d  by t h e  u s e r  and w i l  
not  have aged o u t  of t o l e r a n c e  when t h e  1000 hour " s t a b l e v v  p o i n t  is 
reached .  T h i s  e x p l a i n s  why p a r t s  sh ipped  on a "rush" b a s i s  may 
o c c a s i o n a l l y  measure s l i g h t  y above t h e  h igh  t o l e r a n c e  l i m i t  when 
r e c e i v e d .  I t  must be noted t h a t  t h i s  ag ing  c y c l e  s t a r t s  a 
a g a i n  each t i m e  t h e  dielectric is heated t o  or  above its Cur i e  p 
and '7 are t y p i c a l  capac i t ance  ag ing  curves  for  K 
d ie lectr ics .  These cu rves  were drawn from data obta ined  i n  t h e  f i r s t  
72 hours of t h e  ag ing  p e r i o d ,  and e x t r a p o l a t e d  t o  t h e  1000 hour 
F igu res  6 and 7 have t h e  a c t u a l  capac i t ance  measurements a t  B O 0 0  hours  
l o t t e d  on t h e  cu ves  for  com gfng cu rves  are normally 
over  t h e  f u l l  1000 ho a ~ t ~ c ~ l a ~  cu rves  a r e  
inc luded  t o  demonstrate t h a t  t h e  ag ing  effect is p 
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i m i t s  of accuracy normally r e q u i r e d  of high  K materials.  
i g h e r  K dielectrics e x h i b i t  i n c r e a s e  capac i t ance  ag ing  effects 
as t h e  K i n c  eases. Contra  y,  over  an  o p e r a t i n g  temperature  range 
of -55% t o  +15Q°C, t h e  capac i t ance  aging of N 
small i t  fs not  measurable and can  be com 
- 21 - 
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TEKPRET C2A; ! : , i ;  I:i ACCORDAKCE WITH STANDARDS PRESCRIBED BY ( FOi3 PARTS LIST SEE I 
ALL DI'dENSIONS ARE IN 
IhCHES AND E ~ D  USE. FOR 
TOLERANCES SEE NOTE 
ACCEPTANCE TEST PROCEDWE 
1 , O  T e s t  Procedure: 
Tho tes t  procedure s h a l l  be as follows: 
1.1 R e s i s t o r  T e s t s  
After t h e  components are assembled i n  t h e  package and a11 
t h e  resistors a r e  wired,  measure each resistor t o  d e t e r m i n e -  
t h a t  i t  is w i t h i n  t h e  t o l e r a n c e  s p e c i f i e d ,  Record t h i s  d a t a  
as  an a id  t o  f u t u r e  c i r c u i t  check o u t ,  
1.2 Open Loop T e s t s  
After t h e  monol i th ic  a m p l i f i e r s  (ARl,2,3,and 4) have been 
wired, perform open loop DC tests t o  de te rmine  t h a t  each 
a m p l i f i e r  is func t ion ing ,  
a ..3 
sed, measure t h e , o u t p u t  func t ion  
w i t h  a 5 v o l t  squa re  wave i n p u t .  Adjust  t h e  r e s i s t o r s  as 
necessary, t o  produce t h e  proper  output f u n c t i o n ,  U s e  t h e  
computer t o  p r e d i c t  t h e  e f f e c t  of each specific adjustment  
on each c i r c u i t ,  i f  necessary ,  t o  reduce t h e  number of 
adjustments  needed 
Post-Seal T e s t s  
A f t e r  t h e  c i r c u i t s  have been s e a l e d ,  t h e  fo l lowing  tests w i l l  
be performed, 
1 . 4 , l  Gross Leak T e s t  
~ l l  u n i t s  must pas s  a gross l e a k  test i n  ~ O O C  aisopropyl 
Alcoho l  
-2 E l e c t r i c a l  T e s t  
The fo l lowing  procedure w i l l  be .followed for  t h e  f i n a l  
e l e c t r i c a l  t es t .  Using t h e  test  s e t u p  of F igure  1.4.1 
measure t h e  ampli tude of t h e  output  func t ion  a t  0 ,  20, 
40, 60, 80, 100, 120, 140, 180, 240, and 320 mi l l i s econds  
a f t e r  t h e  inpu t  wave form goes t o  t-5.volts.  U s e  t h e  Type 
W plug-in t o  determine ampli tude.  Extreme c a r e  must be 
used i n  e s t a b l i s h i n g  t h e  z e r o  v o l t a g e  po in t  w i t h  t h e  
Type W plug-in because .of  d r i f t s ,  
The inpu t  wave should be ea a t e d  for  a p o s i t i v e  5 
I volt transition using t h e  Type W plug-in, The rise t i m e  
I 
of t h e  input wave form should be much less than one 
millisecond .,
The data from these tes ts  is t o  be recorded on t h e  data  
sheets provided ( igure 1,4,2) t h i n  t he  tolerances. 
l i s t ed ,  
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